Objective: The CHOKAI and STONE scores are prediction models for ureteral stones. The aims of the present study were to evaluate the diagnostic performance, to examine the optimal cut-off value, and to compare the diagnostic performance of each model. Methods: Patients who presented to our emergency department with renal colic were considered for this prospective study. We analyzed the predictive performance of both STONE and CHOKAI scores at their optimal cut-off values, using receiver operating characteristic (ROC) curve and area under the curve (AUC), as well as sensitivity, specificity, positive likelihood ratio (LR+), and negative likelihood ratio (LR−) at the optimal cut-off value. Results: Of the 96 patients who met the inclusion criteria, 79 were definitively diagnosed with ureteral stones. All patients were of Japanese descent. The AUC of the CHOKAI score was 0.971 at an optimal cut-off value of 6, showing a sensitivity of 0.911, specificity of 0.941, LR+ of 15.49, and LR− of 0.094. The AUC of the STONE score was 0.873 at an optimal cut-off value of 8, showing a sensitivity of 0.823, specificity of 0.824, LR+ of 4.662, and LR− of 0.215. The AUC of the CHOKAI score was significantly higher than that of the STONE score (p = 0.010). Of the 73 patients with a CHOKAI score of ≥6, 98.6% had ureteral stones, and of the 68 patients with a STONE score of ≥8, 95.6% had ureteral stones. Conclusions: The simplified CHOKAI score is a useful tool to screen for ureteral stones in patients with renal colic.
Introduction
Ureteral stones are one of the most frequently diagnosed urologic diseases in the world [1] . The prevalence and the incidence of ureteral stones are increasing in many countries, including Japan, where the annual incidence increased three-fold from 1965 to 2005 [1, 2] . We often used non-contrast helical computed tomography (CT) to diagnose ureteral stones because of its high sensitivity and specificity [3] . The usage of diagnostic CT for patients with suspected ureteral stones increased about 10 times from 1996 to 2007 in the United States without an associated change in the proportion of diagnosis of ureteral stones, identification of significant alternative diagnoses, or hospital admission [4] . In addition, ureteral stones often recur; therefore, serial and cumulative radiation exposure and a consequent risk of cancer from diagnostic CT are of concern, especially in young patients who are more radiosensitive [5, 6] .
Moore et al. [7] retrospectively investigated patients with and without ureterolithiasis and developed the STONE score to reduce the need for performing diagnostic CT scans for ureteral stones. They described the STONE score as a clinical prediction tool with which to assess the risk of ureteral stones and identify important alternative diagnoses in patients suspected of having of ureteral stones. The STONE score is calculated as a weighted sum of five categories (sex, duration of pain, race, nausea/vomiting, and occult blood in urine), yielding 0-13 points. In a prospective validation cohort, a high score group of 10-13 points was associated with ureteral stones in 88.6% of cases and with major alternative diseases in 1.6% in a prospective validation cohort, respectively [7] . Schoenfeld et al. [8] reported that the STONE score was validated in a retrospective cohort of patients aged 15-50 years who were younger than those in the original article [7] . In contrast, Wang et al. pointed out that while the STONE score can successfully predict ureteral stones with a modest specificity, it lacks sufficient specificity to allow clinicians to defer a CT scan for a suspected ureteral stone [9] . It is unclear whether the STONE score would function properly in a different cohort of patients with different medical, racial, climatic, or geographical backgrounds, especially in Japan where most inhabitants are Asian.
We recently created a prediction model for Japanese patients with ureteral stones, using a combination of seven clinical factors (age of b60 years, male sex, duration of pain of b6 h, nausea or vomiting, hydronephrosis, hematuria, and history of ureteral stones) [10, 11] . This multivariable diagnostic model using each intercept and coefficient is a useful screening tool; however, it is slightly more complicated than the STONE score.
The aims of the present study were to 1) evaluate the diagnostic performance of a modified model that is a simplified model of the original one, 2) to examine the diagnostic performance at the optimal cut-off value of the STONE score in Japan and 3) to test our hypothesis that the diagnostic performance of our simplified model would outperform the STONE score by comparing the receiver operating characteristic curves and the area under the curve (AUC) of each model.
Methods

Study design, ethics statement and constructing scoring system
Our institutional review board approved the present study, and all enrolled patients provided written informed consent (approval no. 27-1-2).
We planned this internal prospective observational study to validate the practical applicability of the seven predictive factors (age of b60 years, male sex, duration of pain of b6 h, nausea or vomiting, hydronephrosis, hematuria, and prior history of ureteral stones) which were found in the former papers [10, 11] .
To establish a practical scoring model, each coefficient reported in the previous study [11] was rounded to the nearest integer, and each predictor's reference was assigned a score of 0 as follows: age (b60 years = 1 point, ≥60 years = 0 points), sex (male = 1 point, female = 0 points), nausea or vomiting (presence = 1 point, absence = 0 points), medical history of ureteral stones (yes = 1 point, no = 0 points), short pain duration of b6 h (yes = 2 points, no = 0 points), occult blood in urine (presence = 3 points, absence = 0 points), and hydronephrosis on ultrasound examination (US) (presence = 4 points, absence = 0 points). The total score was 0 to 13; this score was termed the CHOKAI score (Table 1) .
Study population
We enrolled patients ≥15 years who visited our emergency department (ED) from 1 May 2015 to 30 April 2016, chiefly complaining of back, flank, or lower abdominal pain. All patients had to have US, urinalysis, and CT to be included. However, the US, urinalysis, and CT were all ordered at the discretion of the treating physician. The exclusion criteria in the present study were as follows: 1) refusal to provide informed consent, 2) abnormal vital signs (subjective or objective fever or hypotension), 3) insufficient medical interview, 4) insufficient examination (lack of US, CT scan, or urinalysis), 5) C-reactive protein concentration of ≥ 6 mg/L when leukocytes were detected using a urine dipstick or standard urinalysis, and 6) active malignancy.
Methods of measurement
Before this study started, we provided information and instruction regarding the study protocol, and instructions on filling-out forms and data collection techniques to all of the emergency physicians, emergency medicine residents, and emergency nurses involved in the present study.
Emergency staff interviewed ED patients and/or their attending guardians, and selected the candidate patients. They then distributed the specific forms about duration of pain, concomitant nausea or vomiting, prior history of ureteral stones, and informed consent to ED patients and/or their attending guardians (Appendix 1). After medical examination by emergency physicians or emergency medicine residents, the study patients underwent a urine dipstick or standard urinalysis, and/or point-of-care US examinations using a curvilinear probe from a compact cart-based US machine (GE Logic P5 Scanner; GE Healthcare Inc., Milwaukee, WI) if necessary for detection of hematuria and hydronephrosis, respectively. The presence or absence of hydronephrosis was judged by the primary examiner. Blood cell count, biochemical analysis, determination of serum markers of inflammation, coagulation, arterial blood gas and acid-base balance, or helical CT scans were performed if necessary to differentially diagnose the disease conditions at the discretion of the emergency physicians.
We performed this study during research staff working hours (08:30 to 00:00).
Methods of diagnosis
Final diagnosis was determined as follows: for ureteral stones, emergency physicians made the final diagnosis based on the CT findings interpreted by radiologists. As for alternative diagnoses, medical specialists provided consultation or the treating physician determined the final diagnosis based on the physical, laboratory, or CT findings. Emergency physicians made the final diagnosis in cases where consultation was not necessary. After confirming diagnosis, emergency physicians or emergency medicine residents filled out a checklist to calculate the CHOKAI and STONE scores (Appendix 2).
Statistical analysis
We calculated the STONE and CHOKAI scores and analyzed the predictive performance of each score at the optimal cut-off value using a receiver operating characteristic curve and AUC. We also calculated the sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio (LR +), and negative likelihood ratio (LR −) at the optimal cut-off value. In addition, we calculated all of these measures of diagnostic accuracy for all potential cut-off values. All patients were classified into two risk groups according to the optimal cut-off value. A p value of b0.05 was considered statistically significant. All analyses were performed using R statistical software version 3.3.1 (http://cran.r-project.org/). 
Results
Internal validation of CHOKAI and STONE scores
Between May 1, 2015 and April 30, 2016, 25,147 patients visited our ED. Of these patients, 823 presented with complaints of back, flank, or lower abdominal pain. Of the 823 patients, 259 patients could not be enrolled in our study because of no research staff working or were missed while the research staff was working, and 13 were excluded because they declined to participate.
Of the 551 patients enrolled, 455 were excluded for the following reasons: abnormal vital signs (n = 129), pyuria and an elevated C-reactive protein concentration (n = 2), active malignancy (n = 21), lack of US (n = 201), lack of CT (n = 27), and lack of urine examination data (n = 75).
Finally, 96 patients (79 with and 17 without ureteral stones) were included in this study (Fig. 1) . All patients were Japanese. The age of the patients finally diagnosed with and without ureteral stones were 53.1 ± 14.6 years (range, 23-89 years) and 55.8 ± 17.1 years (range, 32-86 years), respectively. Fig. 2 shows the diagnostic performance of each scoring model. Table 2 shows Receiver operating characteristic curve indicating the performance of the CHOKAI and STONE scores at the optimal cut-off value. The CHOKAI score is composed of 7 factors yielding 0 to 13 points: age, sex, nausea or vomiting, prior stones, pain duration, microscopic hematuria, and hydronephrosis. The STONE score is composed of 5 factors yielding 0 to 13 points: sex, nausea or vomiting, pain duration, microscopic hematuria, and race. Abbreviations: AUC, area under the curve; CI, confidence interval.
an optimal cut-off score of 8. The AUC of the CHOKAI score was significantly higher than that of the STONE score (p = 0.010).
Risk stratification and cut-off values in the two prediction models
The patients were classified into two risk groups according to each optimal cut-off value: high probability (score of 6-13) and low probability (score of 0-5) for the CHOKAI score, and high probability (score, 8-13) and low probability (score, 0-7) for the STONE score. Of the 73 patients with a CHOKAI score of ≥ 6, 72 (98.6%) had ureteral stones, and of the 68 patients with a STONE score of ≥8, 65 (95.6%) had ureteral stones (Fig. 3) .
Appendices 3 and 4 shows the diagnostic performance of other cutoff values of the CHOKAI and STONE scores. One patient with a CHOKAI score of ≥6 was diagnosed with herniation of a lumbar intervertebral disc as an important alternative cause of renal colic. Three patients with a CHOKAI score of ≥8 were diagnosed with diverticulitis, herniation of a lumbar intervertebral disc, and dissection of the superior mesenteric artery, respectively.
Other outcomes
Of the 79 patients diagnosed with ureteral stones, 68 (86.1%) passed their stones spontaneously. Of the 64 patients with ureteral stones of b6 mm in short diameter, 62 (96.9%) passed their stones spontaneously, and 2 patients needed ureteral stent placement because of a concomitant fever. Of the 15 patients with ureteral stones of N 6 mm in short diameter, 6 (40%) passed their stones spontaneously and 9 patients needed surgical intervention such as extracorporeal shock wave lithotripsy (n = 3), transurethral lithotripsy (n = 5), or both (n = 1). In this study, 3 patients had a concomitant fever within 3 days after visiting the ED; 1 was treated with an oral antibacterial agent only, and 2 needed ureteral stone placement. None of the patients diagnosed with ureteral stones suffered septic shock.
Of the 17 patients diagnosed with no ureteral stones, 1 patient with a score of 1 in the CHOKAI and of 3 in the STONE were diagnosed with abdominal aortic dissection.
Discussion
In the present study, the following valuable findings were observed. First, the CHOKAI score simplified with integer coefficients proved to be a useful screening tool for predicting ureteral stones and excluding alternative causes of renal colic. Second, the optimal cut-off value for Japanese patients in the STONE scoring system would be 8 points. Third, the diagnostic performance of the simplified CHOKAI score was superior to that of the STONE score with the optimal cut-off in our cohort.
To date, four papers (one original study and three external validation studies) have reported the diagnostic performance of the STONE score; however, none of them achieved both an LR + of N10 and an LR − of b0.1 [7] [8] [9] 12] . In our study, the STONE score also did not achieve an LR+ of N 10 and LR− of b 0.1, and its diagnostic performance at the optimal cut-off value of 8 was LR + of 4.662 (95% CI, 1.661-13.09) and LR − of 0.215 (95% CI, 0.127-0.363). Generally, an LR + of N10 and LR− of b0.1 are considered to provide strong evidence with which to rule out a diagnosis or not to rule out [13] . In contrast, the CHOKAI score fulfilled this condition, achieving an LR+ of 15.49 (95% CI, 2.31-103.9) and an LR− of 0.049 (95% CI, 0.046-0.193) at the optimal cutoff value of 6, though both 95% CIs in the CHOKAI score crossed these thresholds of LR+ N 10 and LR− b0.1. These results strongly support that the simplified CHOKAI score should be a screening model for Japanese patients with suspected ureteral stones. The optimal cut-off of the STONE score for our cohort was 8 in the present study. In the original study by Moore et al. [7] , patients are classified into three risk groups based on the STONE score: low probability (score of 0-5), moderate probability (score of 6-9), and high probability (score of 10-13), with the cut-off point at which ureteral stones were ruled in and out being a score of 6 [14] . The optimal cut-off value may need to be changed in countries or geographical areas in which the racial factor is minimal when using the STONE score. In a study by Schoenfeld et al. [8] in which patients of African ancestry constituted only 6.9% of all the patients, the optimal cut-off value of the STONE score was set to be 8.
It is generally well known that ureterolithiasis is one of the most common diseases in urology and has been growing in number Abbreviations: PPV, positive predictive value; NPV, negative predictive value; LR+, positive likelihood ratio; LR−, negative likelihood ratio; CI, confidence interval. Fig. 3 . Prevalence of ureteral stones and alternative diagnoses according to the (A) CHOKAI and (B) STONE scores at each optimal cut-off value.
worldwide. Ureterolithiasis has multifactorial and heterogeneous etiologies. Race, sex, body weight, body mass index, diet, volume of fluid intake, geographic localization, and climate changes are considered to contribute collaboratively to stone pathogenesis [10] . However, each of the causative factors might well contribute variably from country to country. In fact, the odds ratio of each of the four predictive factors (duration of pain, occult blood in urine, sex, and gastrointestinal symptoms), which are common between the CHOKAI and STONE scores, was different [7, 11] . We must emphasize that our study sample may be more homogenous than the patient populations encountered in other settings. For example, none of the patients in our study sample were of African ancestry. In this context, the CHOKAI score, whether original or simplified, might not always hold true outside of Japan.
Strictly speaking, such criticism could be applicable to any predictive models that have been developed based on a certain group of patients. Though the diagnostic performance of the CHOKAI score outperformed that of the STONE score in this study, US findings contributed to this result. Daniels et al. suggested that adding US findings to the STONE score improved sensitivity and specificity in low-and moderaterisk patients [15] . In addition, some papers have pointed out the usefulness of US findings in patients with suspected renal colic [16, 17] . The finding directly indicates post-renal obstruction of the upper urinary tract, producing the highest odds ratio favoring the presence of ureteral stones in our study. In fact, we gave a score of 4 out of 13 points for the presence of hydronephrosis in the CHOKAI score.
In the present study, as many as 303 patients were excluded due to lack of certain studies, although not all will necessarily be ordered by emergency physicians on a routine basis in patients with suspected ureterolithiasis. The major reasons are as follows: first, we did not exclude patients whom the emergency or the treating physician considered to be at high risk for serious alternative diseases such as colonic diverticulitis, pancreatitis, cholecystitis, and ileus, meaning that they did not require every clinical finding (US, urinalysis, and CT) for definite diagnosis. Second, diagnostic CT was often performed for patients suspected to have ureterolithiasis without initial ultrasonography in our ED. Since the CT evaluated the presence of hydronephrosis, as many as 201 of 303 patients were excluded for lack of US findings. For a small proportion of patients (n = 27), CT examination was unnecessary for the emergency physicians to diagnose ureteral stones (n = 26) and acute gastroenteritis (n = 1).
Smith-Bindman et al. suggested that initial ultrasonography was associated with lower cumulative radiation exposure than initial CT, without significant differences in high-risk diagnoses with complications, serious adverse events pain scores, return ED visits or, hospitalization [16] . However, CT-based diagnosis without initial ultrasonography was still performed in our ED. Though Japan has the highest numbers of CT and diagnostic X-rays performed [18, 19] , this tendency (CTbased diagnosis without initial ultrasonography) was reported outside of Japan [20] . Many reports point out that cumulative radiation exposure increases cancer risk, and young patients are at a higher risk from diagnostic X-rays than adults [5, 21] . Schoenfeld et al. indicated that in younger patients with uncomplicated renal colic, the benefit of immediate CT for suspected renal colic is questionable [22] . Nevertheless, nearly six out of seven patients with a diagnosis of renal colic in the emergency department still underwent a CT scan, and in patients with previous ED visits for renal colic, the CT rate was still 59% [20] . Namely, patients with a history of ureteral stones and renal colic are still at an increased risk of serial CT scanning with potentially high cumulative radiation doses as previously reported [23] . The CHOKAI score, similar to the STONE score, may be helpful in reducing radiation exposure to diagnostic Xrays in the differential diagnosis of renal colic though this will require future studies in which patients with high CHOKAI scores do not undergo CT imaging to ensure the safety and clinical utility of this diagnostic approach.
Limitations
Our study has three major limitations. First, the size of the study sample was small. Therefore, the diagnostic performance of the CHOKAI score must be verified in a larger external validation study. Of 823 patients assessed for eligibility, only 96 patients were included in this study because of the choice of inclusion and exclusion criteria. The necessity of all three modalities (US, urinalysis, and CT) in particular lead to the small sample in this study. In addition, we only included patients undergoing both US and CT at the discretion of the provider. This would be unusual in other EDs. Therefore, whether our study patients and our outcomes are generalizable to other settings is unclear. Second, this study has a highly homogenous population. Therefore, the diagnostic performance of CHOKAI score would change outside of the present study setting. Third, the skill of the provider performing the point-ofcare US is variable. Herbst et al. [24] reported that performance of US for detection of hydronephrosis varied among clinicians. In the routine clinical setting, however, point-of-care US is feasible for the initial workup of acute abdomen [16, 17] .
Conclusion
In this internal validation study, we found that the CHOKAI score achieved a better performance in predicting ureteral stones than the STONE score. The CHOKAI score thus shows promise as a first-line modality for the initial diagnosis of ureteral stones under emergent conditions, especially in countries with ethnic distributions similar to that reported in our patient cohort.
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